Introduction
============

Flexible flatfoot is a common deformity in children and adults.[@b1-tcrm-11-1597],[@b2-tcrm-11-1597] It is characterized by medial rotation and plantar flexion of the talus, eversion of the calcaneus, collapsed medial arch, and abduction of the forefoot.[@b3-tcrm-11-1597]--[@b5-tcrm-11-1597] In general, infants are born with a flexible flatfoot, with the arch of the foot typically developing during the first decade of life.[@b1-tcrm-11-1597],[@b6-tcrm-11-1597] Most flexible flatfoot cases resolve spontaneously or remain asymptomatic, whereas symptomatic and pathological conditions require treatment.[@b1-tcrm-11-1597],[@b7-tcrm-11-1597]

Various conservative and surgical procedures have been defined in the treatment of symptomatic flexible flatfoot.[@b5-tcrm-11-1597],[@b8-tcrm-11-1597],[@b9-tcrm-11-1597] Conservative interventions include shoe modification, brace, physical therapy, and exercise modifications.[@b10-tcrm-11-1597] Surgery is indicated in patients in whom conservative interventions fail,[@b11-tcrm-11-1597],[@b12-tcrm-11-1597] and encompasses both soft-tissue and bone procedures.[@b4-tcrm-11-1597],[@b13-tcrm-11-1597] Surgery mainly includes muscle and tendon lengthening, tendon transfer, osteotomy, arthrodesis, and arthroereisis.[@b4-tcrm-11-1597],[@b5-tcrm-11-1597],[@b10-tcrm-11-1597],[@b13-tcrm-11-1597] It has been well documented that subtalar arthroereisis is an effective surgical procedure in the treatment of flexible flatfoot in adults, minimizing pain, deformity, and instability.[@b2-tcrm-11-1597],[@b8-tcrm-11-1597],[@b14-tcrm-11-1597] Despite controversial opinions on the optimal technique and implant, the principle of reducing overpronation has been widely accepted.[@b2-tcrm-11-1597],[@b4-tcrm-11-1597],[@b15-tcrm-11-1597] Subtalar joint implants previously consisted of a bone graft; however, various specifically designed implants are currently used.[@b2-tcrm-11-1597],[@b8-tcrm-11-1597],[@b10-tcrm-11-1597],[@b14-tcrm-11-1597]

In the present study, clinical and radiographic outcomes as well as related complications of subtalar arthroereisis were assessed in adult patients with symptomatic flexible flatfoot.

Materials and methods
=====================

The study included 26 feet (13 left, 13 right) of 16 patients (four females, twelve males) treated with subtalar arthroereisis between 2011 and 2013 for a symptomatic flexible flatfoot deformity ([Table 1](#t1-tcrm-11-1597){ref-type="table"}). Patients with a flatfoot deformity secondary to a neuromuscular condition, congenital condition, or trauma-related injury were excluded. The study included patients with a flexible flatfoot deformity that did not respond to conservative therapies such as stretch exercises, activity modification, and orthesis for at least 6 months, and thus underwent surgery. Patients complained of pain at the midfoot and hindfoot during long walks and while standing, early fatigue, leg pain, and inability to wear some types of shoes.

Pre- and postoperative radiographic examination included calcaneal pitch angle, lateral talocalcaneal (LTC) angle, Meary's angle, anteroposterior talonavicular (APTN) angle, and Kite's angle.[@b10-tcrm-11-1597],[@b11-tcrm-11-1597]

The clinical assessment was based on the American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot scale[@b16-tcrm-11-1597] and a visual analog scale (VAS)[@b17-tcrm-11-1597] ([Figures 1](#f1-tcrm-11-1597){ref-type="fig"} and [2](#f2-tcrm-11-1597){ref-type="fig"}). This study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki, and informed consent was obtained from all patients.

Surgical technique
------------------

All patients were operated at the same center and by multiple surgeons. An approximately 2 cm incision was made through the sinus tarsi. Deep fascia and the capsule covering the tarsal sinus were incised using blunt dissection. The tarsal sinus was extended using a probe, and the subtalar joint axis was determined. A guide wire was advanced from lateral to medial through the tarsal tunnel. Tester implants were placed through the guide wire to choose the most suitable implant, and the range of motion of the posterior foot was assessed. A suitable implant (Horizon; BioPro, Port Huron, MI, USA) was then placed, and the location of the implant was confirmed.[@b8-tcrm-11-1597],[@b10-tcrm-11-1597] The incision site was closed routinely. There was no other procedure performed in the same sitting.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS v16.0 software (SPSS Inc., Chicago, IL, USA). A paired Student's *t*-test was used to analyze data, and a *P*-value of \<0.05 was considered statistically significant.

Results
=======

The mean age was 24.3±5.24 (range, 18--35) years, and the mean follow-up was 15.1±4.7 (range, 7--22) months. The mean preoperative AOFAS score was 53±6.6 (range, 42--66), while the mean AOFAS score at the last follow-up visit was 75±11.2 (range, 58--95) (*P*=0.0001). The mean VAS score decreased from 6.9±0.6 (range, 6--9) preoperatively to 4.1±1.4 (range, 2--6) at the last follow-up visit (*P*=0.0001).

Based on the radiographic results, the mean preoperative and postoperative calcaneal inclination angles were 13.4°±3.3° (range, 6--19) and 14.6°±2.7° (range, 8°--20°), respectively (*P*=0.0377); mean preoperative and postoperative LTC angles, 35.7°±6.9° (range, 20°--46°) and 33.2°±5.3° (range, 24°--41°), respectively (*P*=0.0957); mean preoperative and postoperative Meary's angles, 8°±5.3° (range, 1°--17°) and 3.3°±3° (range, 0°--11°), respectively (*P*=0.0001); mean preoperative and postoperative APTN angles, 5.6°±3.5° (range, 1°--17°) and 2.6°±1.5° (range, 0.3°--6°), respectively (*P*=0.0001); and mean preoperative and postoperative Kite's angles, 23.7°±6.1° (range, 8°--38°) and 17.7°±5° (range, 10°--31°), respectively (*P*=0.0001) ([Table 2](#t2-tcrm-11-1597){ref-type="table"}).

Sinus tarsi pain occurred in three feet (11.5%), and the implant was removed in two (7.6%) of these feet: one at 1 year after surgery, and another in the 8th month after surgery. In one patient, sinus tarsi pain was managed by administering a nonsteroidal anti-inflammatory drug, but implant removal was not performed.

In one patient, the implant was removed in the 7th month after surgery because of loss of fixation ([Figure 3](#f3-tcrm-11-1597){ref-type="fig"}). No infection or sensory defect was observed in any patient. In this study, the implant was removed postoperatively from three feet (11.5%).

Discussion
==========

Subtalar arthroereisis involves inserting an implant into the sinus tarsi through a small incision to block excessive subtalar joint pronation and to elevate the talus. Subtalar arthroereisis provides not only satisfactory radiographic outcomes but also good clinical outcomes. Significant decreases were observed in the VAS pain scores in the postoperative period compared with those in the preoperative period. The mean AOFAS score increased from 53 to 75 at the end of the follow-up.

Although several treatment options are available for the treatment of flexible flatfoot, no consensus on the best treatment protocol for adequate recovery has been determined.[@b9-tcrm-11-1597],[@b10-tcrm-11-1597] Subtalar arthroereisis allows quick return to daily activities with relatively less pain compared with other surgical interventions.[@b4-tcrm-11-1597],[@b12-tcrm-11-1597] The main advantages of the procedure include the simplicity of the surgical technique without bone or cartilage defects, maintenance of skeletal maturation, low infection risk, and the option for implant removal, if required.[@b4-tcrm-11-1597],[@b15-tcrm-11-1597] Complete and painless range of motion of the subtalar joint can also be achieved after implant removal.[@b15-tcrm-11-1597]

In a study by Arangio et al[@b3-tcrm-11-1597] in which subtalar arthroereisis was performed on a three-dimensional multisegment biomechanical model by using 6 mm implants, it was reported that the lateral talo-first metatarsal angle and the LTC angle increased to normal, arch height increased to 2 mm, and the talonavicular coverage angle decreased to normal. However, the authors reported that the force in the tendocalcaneus did not change compared with the normal foot and that the force in the flexor hallucis longus and the flexor digitorum longus remained virtually the same for the normal foot. In addition, the authors found that arthroereisis shifts the load from the joints of the medial column back toward the lateral column, decreases the moments at the talonavicular joint and the medial cuneiform--navicular joint, and decreases the forces in the medial extensions of the long plantar ligament and plantar aponeurosis.

Moreover, in a biomechanical study, Husain and Fallat[@b18-tcrm-11-1597] reported that the movement of subtalar joint was progressively decreased by increasing thickness of implant and that lateral talo-first metatarsal, talar declination, calcaneal inclination, first metatarsal declination, and first intermetatarsal angles were affected.

In addition to favorable reported results, the complication rate of subtalar arthroereisis varies widely from 30% to 40%.[@b2-tcrm-11-1597],[@b4-tcrm-11-1597],[@b9-tcrm-11-1597],[@b14-tcrm-11-1597] The major complications include persistent sinus tarsi pain, osteonecrosis, subtalar joint arthrosis, overcorrection, loosened or broken implant, implant subluxation, incorrect fixation, and fracture.[@b2-tcrm-11-1597],[@b4-tcrm-11-1597],[@b9-tcrm-11-1597],[@b19-tcrm-11-1597] Implant removal is the initial intervention in the management of such complications.[@b9-tcrm-11-1597],[@b14-tcrm-11-1597]

The main cause of sinus tarsi pain, a common complication, is mechanical irritation to the soft tissues and bone by the implant.[@b4-tcrm-11-1597],[@b14-tcrm-11-1597],[@b20-tcrm-11-1597] An incorrectly fixed implant or incorrectly sized implant may also induce sinus tarsi pain.[@b2-tcrm-11-1597],[@b4-tcrm-11-1597],[@b10-tcrm-11-1597],[@b14-tcrm-11-1597] In this study, sinus tarsi pain occurred in three feet (11.5%), and the implant was removed in two (7.6%) of these feet. In one patient, sinus tarsi pain was managed by administering a nonsteroidal anti-inflammatory drug, but implant removal was not performed. The implant was removed in one patient because of loss of fixation, and no clinical problem was observed after implant removal. However, the preoperative foot deformity recurred after implant removal. It can be considered an advantage that no complication other than an incision scar developed after implant removal.

Implant design can be a factor in subtalar arthroereisis. Diverse outcomes can be achieved with implants of different designs. We think that the use of an inappropriately sized and shaped implant can be a factor responsible for loss of fixation. Using inappropriately sized implants can cause implant intolerance and sinus tarsi pain in the postoperative period. We selected an appropriate implant size by assessing hindfoot movements with test implants. However, the surgical criteria are not clear for the selection and insertion of implants of the appropriate size.

Similarly, in their anatomic study, Bali et al[@b21-tcrm-11-1597] reported that the tarsal canal has a complex structure. Authors reported that implant selection can be made by applying implant to the patient under anesthesia, as there is no method for preoperative selection of an appropriate implant.

In a study including 28 feet in 23 patients, Needleman[@b14-tcrm-11-1597] reported sinus tarsi pain in 46% of feet and implant removal in eleven feet (39%). In another study including 19 patients, Viladot et al[@b13-tcrm-11-1597] reported that six patients (32%) suffered from sinus tarsi pain postoperatively and that the implant was removed in two patients (11%). Similarly, Giannini et al[@b20-tcrm-11-1597] showed that two of 21 patients (9.5%) had sinus tarsi pain that resolved after the degradation of the biomaterial. Consistent with these findings, Scharer et al[@b10-tcrm-11-1597] reported the rate of sinus tarsi pain as 15%, Graham et al[@b22-tcrm-11-1597] as 6%, and Nelson et al[@b11-tcrm-11-1597] as 5%.

We observed a mean increase of 22 in the AOFAS score postoperatively in our study. Viladot et al[@b13-tcrm-11-1597] reported that the mean AOFAS score increased from 47 to 82 after surgery, and Needleman[@b14-tcrm-11-1597] reported a 35-point increase in the mean AOFAS score with a significant improvement in the radiographic variables postoperatively. In another study including 34 feet in 20 patients, Jay and Din[@b23-tcrm-11-1597] found that the mean AOFAS score increased from 67.7 to 89 at the end of the follow-up.

According to the radiographic evaluation, we observed a significant improvement in all variables other than the LTC angle postoperatively. Similarly, Nelson et al[@b11-tcrm-11-1597] enrolled 67 feet in 37 patients during an 18-month follow-up (mean) and reported significant improvement in the talo-first metatarsal angle, anteroposterior talocalcaneal angle, and lateral talar declination angle. In another study including 60 feet in 35 patients, Brancheau et al[@b12-tcrm-11-1597] showed significantly increased talocalcaneal, calcaneocuboid, and first and second intermetatarsal angles, as well as calcaneal inclination and talar declination angles after surgery. In addition, Scharer et al[@b10-tcrm-11-1597] enrolled 68 feet in 39 patients during a 24-month follow-up (mean). The authors demonstrated a significant improvement in the radiographic variables including APTN coverage angle and lateral and anteroposterior talocalcaneal angles postoperatively.

Despite recent gains in understanding the mechanics and function of subtalar arthroereisis, the indications and contraindications of the procedure remain to be elucidated.[@b2-tcrm-11-1597],[@b20-tcrm-11-1597] The procedure is preferred mainly for the pediatric population, followed by adults,[@b2-tcrm-11-1597],[@b12-tcrm-11-1597] and can be performed in combination with other surgical techniques for the correction of several pathologies related to the flatfoot deformity.[@b10-tcrm-11-1597],[@b12-tcrm-11-1597],[@b14-tcrm-11-1597],[@b20-tcrm-11-1597],[@b23-tcrm-11-1597] Our study is limited by the small sample size and lack of a control group. The measurements were done by one of us, and, therefore, no inter- or intraobserver reliability assessment was performed. However, further studies are needed to better define the effectiveness of subtalar arthroereisis. We believe that our study has contributed to the further understanding of the subtalar arthroereisis.

Subtalar arthroereisis is a feasible, minimally invasive technique that can be readily performed in adult patients with appropriate indications for surgical treatment of symptomatic flexible flatfoot. Moreover, subtalar arthroereisis can be considered a basic procedure in the treatment of flexible flatfoot.[@b14-tcrm-11-1597] However, one should not anticipate correcting all components of a flexible flatfoot deformity with only subtalar arthroereisis. In addition, sinus tarsi pain and loss of fixation can occur as complications of the technique. It seems that the ability to remove the implant after the presentation of potential complications and the subsequent reversal of symptoms to restore complete and painless motion in the subtalar joint is a major advantage of the technique.
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![Pre- and postoperative angles.\
**Notes:** Preoperative and postoperative (**A**, **B**) calcaneal inclination angle (CDE), lateral talocalcaneal angle (BCD), Meary's angle (ABC), (**C**, **D**) talonavicular angle (ACB), Kite's angle (ADE) (change from baseline).\
**Abbreviation:** R, right foot.](tcrm-11-1597Fig1){#f1-tcrm-11-1597}

![Preoperative and postoperative images of the patients in standing foot posture.\
**Notes:** Change from baseline in (**A**, **B**) the foot arch in a patient, and (**C**, **D**) heel valgus in another patient.](tcrm-11-1597Fig2){#f2-tcrm-11-1597}

![Anteroposterior X-ray showing fixation failure of the subtalar implant at 7 months postoperatively.\
**Abbreviation:** R, right foot.](tcrm-11-1597Fig3){#f3-tcrm-11-1597}

###### 

Patients' demographic characteristics

  --------------------------------- --------------------
  Number of patients (feet)         16 (26)
  Age, years, mean (range)          24.3±5.24 (18--35)
  Sex, n (%)                        
   Female                           4 (25)
   Male                             12 (75)
  Follow-up, months, mean (range)   15.1±4.7 (7--22)
  Location, n (%)                   
   Right                            13 (50)
   Left                             13 (50)
  --------------------------------- --------------------

###### 

Comparison of preoperative and postoperative clinical and radiographic results

  Variables               Preoperative (°)   Postoperative (°)   *P*-value
  ----------------------- ------------------ ------------------- -----------
  Calcaneal inclination                                          
   Mean ± SD              13.4±3.3           14.6±2.7            0.0377
   Range                  6--19              8--20               
  Meary's                                                        
   Mean ± SD              8±5.3              3.3±3               0.0001
   Range                  1--17              0--11               
  LTC                                                            
   Mean ± SD              35.7±6.9           33.2±5.3            0.0957
   Range                  20--46             24--41              
  APTN                                                           
   Mean ± SD              5.6±3.5            2.6±1.5             0.0001
   Range                  1--17              0.3--6              
  Kite's                                                         
   Mean ± SD              23.7±6.1           17.7±5              0.0001
   Range                  8--38              10--31              
  AOFAS                                                          
   Mean ± SD              53±6.6             75±11.2             0.0001
   Range                  42--66             58--95              
  VAS                                                            
   Mean ± SD              6.9±0.6            4.1±1.4             0.0001
   Range                  6--9               2--6                

**Abbreviations:** SD, standard deviation; LTC, lateral talocalcaneal angle; APTN, anteroposterior talonavicular coverage angle; AOFAS, American Orthopaedic Foot and Ankle Society; VAS, visual analog scale.
